g g ACTA MICROBIOLOGICA BULGARICA  volume 36/ 4 (2020)

Use of Lactobacillus and Bifidobacterium Gut Microbiota Counts as an
Indicator of Cancer Presence and Chemotherapy Effect

Ali Al-Rawe' and Ahmed AbdulJabbar Suleiman?

!University of Anbar, University headquarters, Central lab, Anbar, Iraq
2University of Anbar, Science College, Anbar, Iraq

Abstract

Globally, cancer has been estimated to cause about 13% of all deaths in the world, especially in de-
veloping countries. Cancer cells are abnormal cells that disrupt the process of cell division, and there are
more than 100 types of cancer. The diagnosis of cancer is still the most important factor in the success of
cancer treatment. Treatment strategies of cancer may include radiation, chemotherapy, and surgery. This
study was conducted to estimate microbiota counts in cancer patients, finding a method for detection and
treatment follow up. Lactobacillus and Bifidobacterium counts were determined by qPCR depending on
the standard curve from known bacterial counts obtained from probiotics. The main results of this study
showed that the Lactobacillus count significantly increased in newly diagnosed cancer patients, while the
count of Bifidobacterium decreased compared to the control. Also, chemotherapy led to a decrease in both
bacteria counts, which may suggest supporting chemotherapy with probiotics.
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Pe3ome

B cBeToBeH Maria0 ce cunra, ye pakbT IPUUMHSBA OKOJIO 13% OT BCUUKHM CMBPTHHU CTy4au, 0COOEHO B
pa3BUBAIIUTE CE CTPaHH. PakoBUTE KIIETKH ca aHOPMAJTHU KJIETKH, KOUTO HapylIaBar Mmpoieca Ha KIeThbUHO
nenene. CoeiiectByBar nmoeue ot 100 Buaa pak. Jluarnosara pak Bce OIlle € Hail-BaXHUAT (haKTop 3a ycrexa
Ha JiedeHneTo Ha pak. CTpaTernuTe 3a JIeueHHe Ha paK MOTaT Jia BKIIOYBAT paTuallys, XUMHOTEepaus 1
xupyprus. ToBa mpoydBaHe € MPOBEICHO 32 OIlEHKa HA MUKPOOHOTA MPH MAIIMEeHTH C PakK, 3a J]a C€ HAMEpeH
METOJ] 32 OTKpUBaHE W MPOCIEASBAHE HA JICUEHUETO. bposaT Ha makTobammiuTe U oudumodakrepunTe €
onpeneneHo upe3 qPCR B cpaBHEHHE ChC CTaHIAPTHA KPUBA OT M3BECTHHS Opoil OAKTEpHH, YCTAHOBEH B
npobuotuiu. OCHOBHUTE Pe3yJITaTH OT TOBA MPOYYBaHE MOKA3Bart, ue Oposat Ha Lactobacillus 3HaYUTENHO
Ce yBelIM4aBa IMpy HOBOJAMATHOCTHIIMPAHU MAIIMEHTH C PaK, I0Karo Opost Ha Bifidobacterium Hamansisa B
cpaBHeHHE ¢ KoHTposyara. ChIIo Taka, XUMHOTEpaIusaTa J0BE/Ie 10 HaMaJsiBaHe Ha Oposi Ha OaKTepHuwuTe,
KOETO MOKE J]a peAroara noaapbKka Ha XUMUOTEpan#si ¢ MPOOHOTHUIIH.

Introduction financial burden, whereby $125 billion is spent per
The cancer disease is characterized by the  year in the United States, exceeding health care
random division and conversion of atypical cells  costs (Mariotto ef al., 2011).
and it is a major cause of mortality and morbidity, Intestinal microbiota is concurrent with the
with about 600,000 of most cancer deaths recorded ~ human host to influence the host’s physiology and
in the United States alone, and 1.7 million newly  digestion in various capacities. Undoubtedly, the
identified cases (Hanahan and Coussens 2012). The  host and microbiota are in agreement with each
complicated interactions between cells surviving  other. Specifically, the metabolic movement of gut
genetic damage and their macro- and micro-en-  microorganisms was proposed to work as an assis-
vironments are referred to as cancers of tissues  tant, a real organ (Dibaise et al., 2012). Lactobacil-
(Siegel et al., 2016). Further to the severe suffering  /lus, a genus of anaerobic or small-scale aerophilic,
inflicted, most cancer cases impose a significant  gram-positive heterogeneous lactic acid-producing
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microorganism is widespread in the intestinal mi-
crobiota of healthy adults. Neonates receive lacto-
bacilli at birth by exposure to vaginal lactobacilli
(Salami et al., 2012). Acidic and succinic acids are
also produced, however, in little amounts. Lactic
acid during glucose fermentation is the major met-
abolic and final product of lactobacilli (Slover et
al., 2008). It has also been reported that lactobacilli
help the body to resist illnesses such as inflamma-
tory bowel disease (IBD), celiac disease (Lieske
et al., 2005; Schmidt et al., 2010), type 1 diabetes
(T1D) (Petrovsky, 2010; Roesch et al., 2009), and
multiple sclerosis (MS) (Salami et al., 2012). Bi-
fidobacterium was initially isolated from a healthy
breastfed infant in 1899 by the method of Tissier
at the Pasteur Institute, France. They are anaero-
bic gram-positive, non-spore-forming pleomorphic
bacilli, that were initially named Bacillus bifidus
communis (Ishibashi ef al., 1997; Bevilacqua et al.,
2012). It has been proven that bifidobacteria have
various health benefits, which include the elimi-
nation of procarcinogens, immunomodulation, di-
arrhea, prevention of infections of the intestinal
tract, vitamin production, production of antimicro-
bials against severe intestinal bacteria, fortify the
mucosal epithelium barrier against the invasion of
pathogenic bacteria, and alleviation of constipation
(Wasilewska and Bielecka, 2003).

This study was conducted to find a correla-
tion between cancer and microbiota counts, espe-
cially Lactobacillus and Bifidobacterium, by abso-
lute qPCR.

Materials and Methods

Collection of samples

In this experimental study, 50 stool samples
were collected and distributed as follows: 25 sam-
ples from cancer patients, and 25 samples from
apparently healthy persons. The stool samples
were collected from individuals between ages 9-
67 years during the period from July 2017 to May
2018. Cancer patients were diagnosed with cancer
at the Ramadi teaching hospital.
Extracting DNA from stool samples

Total DNA was extracted from stool samples
of patients and controls by AccuPrep Stool DNA

Table 1. Primer sequence and annealing temperature

Extraction Kit from Bioneer Cat. number (K-3036),
as described by the instruction manual. The extract-
ed samples were checked for purity and concentra-
tion using NanoDrop.

Primers

The primers for detection of normal Lactoba-
cillus and Bifidobacterium flora (Tablel) were de-
signed according to the sequence of specific genes
obtained from NCBI (https://www.ncbi.nlm.nih.
gov/) by the online tool Primer3* (http://www.bioin-
formatics.nl/cgi-bin/primer3plus/primer3plus.cgi/).

Standard curves construction for bacteria

The standard curve method is generally es-
tablished on the Ct values of each, an input set of
known DNA concentrations or a dilution series of
a reference DNA sample. The standard curves were
designed for Lactobacillus and Bifidobacterium
bacteria through DNA extracted from probiotics
capsules obtained from Protexin Pharmaceuticals.
Each capsule contained 200 million bacterial cells.
A 10-fold serial dilution of the extracted DNA,
extending from 1x10° to 1x10° was utilized to
develop the standard curves for both Lactobacil-
lus and Bifidobacterium. The values of CT in di-
lutions were estimated by absolute qPCR with the
Lactobacillus and Bifidobacterium to generate the
standard curves for both bacterial species. The ini-
tial template logarithm of their copy numbers was
plotted against the CT values. A standard curve was
created through plotted points linear regression of
each bacteria.

Estimation of bacterial numbers

The bacterial numbers for both Lactobacillus
and Bifidobacterium for patients and control stool
samples were determined by qPCR, depending on
the standard curve using a ready-to-use premix re-
al-time PCR kit with the following conditions: pre-
denaturation at 95°C for 5 min, then denaturation T
95°C for 20 sec followed by annealing\extension at
55-60°C for 40-45 sec.
Data analysis

The free online tool SPSS v.22 was used to
analyze the current study data. Nominal data were
described by number and percentage and compared

Bacteria Primer Sequence 5—3 Annealing Temperature | Reference
Lac F TGGAAACAGGTGCTAATACCG
Lactobacillus 58 This study
LacR [ CCATTGTGGAAGATTCCC
Bif F CCACCGTTACACCGGGAA
Bifidobacterium 1 62 This study
Bif R GGGTGGTAATGCCGGATG




using X2. Mean + SD was used for numeric data.
While two numeric variables comparison was done
by T-test, the ANOVA F test was used to compare
three or more numeric variables. A significance lev-
el of of a=0.05 was applied to the test.

Results
A real-time PCR experiment was performed
and a standard curve was graphed (Fig. la and b).

The CT values in the results for Lactobacillus were
shown sequentially from the highest concentra-
tion to the lowest concentration, as follows:10.09,
13.11, 17.22, 18.28, 21.64. Moreover, the CT val-
ues in the results for Bifidobacterium were shown
sequentially from the lowest concentration to the
highest concentration, as follows: 14.92, 16.31,
19.82, 21.33, 22.27.
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*The blue dots represent samples of probiotics serial diluutions
Fig. 1. Absolute real-time PCR standard curves: (a) Bifidobacterium, (b) Lactobacillus
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*The blue dots represent samples of probiotics serial diluutions, red dots represent study samples
Fig. 2. Estimation of bacterial numbers by absolute curve: (a) for Bifidobacterium, (b) for Lactobacillus
standard samples blue, samples of the trial under study red dots
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All the results and the numbers mentioned in
the standard curve experiment were calculated on
the basis that the sample taken for probiotics and
DNA extraction was from 200 mg feces.

The number of bacteria was calculated auto-
matically by a PCR device based on the standard
curve that wasgenerated from the standard samples
whose numbers were already known. The process
was based on the threshold cycle (Ct) value that the
device read, as shown in Fig. 2a and b.

The results obtained in this studyshowed a
difference in the mean values of the number of
Lactobacillus bacteria between the two groups of
samples. The mean value ranged from 1145452.95
to 610680.26. Likewise, a difference was ob-
served in the mean values of the number of Bi-
fidobacterium bacteria between the two groups of
samples. The mean value of the Bifidobacterium
count ranged from 63405999.00 to 737988.22 as
shown in Table 2.

The study results showed that the number of
Lactobacillus bacteria was affected by cancer, also
the count connotes the stages of chemotherapy taken
by the patient in the treatment, as shown in Table 3.

A difference in the mean value of the Lacto-
bacillus bacteria number was shown between the
three groups of chemotherapy stages. The mean
value ranged from 3943762.84 to 515170.73. Com-
paring the mean value of Lactobacillus in the treat-
ment stage group (Table 3) with the control group
(Table 2) significant differences were observed in
the number of Lactobacillus bacteria in the recent-

ly diagnozed patients in comparison with the other
two cancer treatment sample groups (Table 3).

An increase was observed in the mean value in the
case of the recently diagnozed group compared
to the control group. As for the mean value of the
dose phase group and the doss completed group, its
values were near the control group values.

The number of Bifidobacterium was affected by
cancer. Also, the count relates to the stages of
chemotherapy treatment received by the patient, as
shown in Table 4.

Table 4. Concentration of Bifidobacterium by stage
of cancer treatment (Recent diagnosis, Doses phase,
Doses finished)

Concentrations of bacteria
nyr;ceesrs N Bifidobacterium spp.
Mean SD
R‘ecent ‘ 4 3906720.94 748859220
diagnosis A
Doses 13 21619.06 4553576
phase B
Doses 65561.86°
finished 5 B 74415.51
Total 22 737988.22 3217361.60

*Small letters compared vertically between groups.

Differences in the mean value of the Bifido-
bacterium number were observed between the three
groups of chemotherapy stages. The mean value
ranged from 3906720.94 to 21619.06. The num-
bers of Bifidobacterium between all three groups at

Table 2. Concentration of bacteria by sample group (natural, cancer, diabetes, and hypertensive patients).

Concentrations of bacteria
Types N Bifidobacterium spp. Lactobacillus spp.
Mean SD Mean SD
Normal 17 63405199'00 110063588.90 6106%0'26 718968.86
b b
Cancers 22 7379%8'22 3217361.60 11454:2'95 2387038.08

*Small letters compared vertically between groups, Capital letters compared horizontally between two types of bacteria for each disease.

Table 3. Concentration of Lactobacillus in the stages of cancer treatment (Recent diagnosis, Doses phase,

Doses finished)
Concentrations of Lactobacillus spp.
Cancer types N
Mean SD

Recent diagnosis 4 3943762.84* 5088436.21
Doses phase 13 515170.73 ° 499836.55
Doses finished 5 545538.80 ° 417258.02
Total 22 1145452.95 2387038.08

*Small letters compared vertically between groups
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the different stages of cancer treatment (Table 4)
showed statistical differences, comparing the mean
value of Bifidobacterium in the treatment stage
group (Table 4) with the control group in Table 2.

There was an increase observed in the mean
value of the recently diagnozed group compared
with the number of bacteria in the control. As for
the mean values of the dose phase group and the
doses finished group, their values showed a strong
decrease in the number of bacteria in comparsion
with the control.

The current study results showed that the mean
values for Bifidobacterium and Lactobacillus were
very close in the patients with recent diagnosis. The
mean values for Bifidobacterium and Lactobacillus
were 3906720.94 and 3943762.84, respectively. Bi-
fidobacterium and Lactobacillus numbers showed
no significant differences at the recent diagnosis
stage. In the case of doses phase, the mean value
of Lactobacillus was higher than that of Bifidobac-
terium bacteria. The mean value for Bifidobacteri-
um and Lactobacillus bacteria were 21619.06 and
515170.73, respectively. The numbers of Bifido-
bacterium and Lactobacillus at the doses stage dif-
fered significantelly. While in the case of finished
dose, the mean value of Lactobacillus was higher
than that of Bifidobacterium. The mean values for
Bifidobacterium bacteria and Lactobacillus were
65561.86 and 545538.80. At the finished dose stage
the numbers of Bifidobacterium and Lactobacillus
showed statistically significant differences.

Discussion

The precise number of target DNA molecules
was determined by absolute quantitative estima-
tion, while the DNA standards utilized a standard
curve. The curve was graphed using sequentially
diluted standards from known concentrations and
a relationship was formed linearly, with the loga-
rithm of the primary amount of total template DNA
and the ct. The accuracy of the absolute quantifi-
cation process depends on the amplification com-
petence of the target and the calibration standard
curve, which must be considered in the workflow
analysis (Taur and Pamer, 2016). The standard
curve method is one of the most accurate methods
of determining the sample bacterial cell numbers.
This is in agreement with the method used in this
study in determining the number of bacteria.

The intestine and its related microorganisms
prove to play a crucial role in ailments, particularly
in a wide range of syndromes due to the interac-
tions between the host’s physiology and intestinal
microbiota (Woting and Blaut, 2016). Gut micro-
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biota share with its host and habit to the micro-en-
vironment in which it live, which is the digestive
tract. Intestinal microbiota develops concurrently
with the host adapting to the environment which
it inhabits, i.e. the digestive tract (Montandon and
Jornayvaz, 2017). Nevertheless, there are many
open questions, for instance, if the changes in gut
microbiota are the reason or the result of diseases.
Since bacteria in the intestine have a great influ-
ence on human health and are believed to cause cer-
tain illnesses, hence, their use in treating numerous
chronic diseases. Additional research is required to
combat opposition to bacteria-related diseases of
the intestine (Zhang et al., 2015).

The notable destruction of microbial popu-
lations due to cancer treatment explains why the
microbiome is central to understanding the devel-
opment of infectious complications arising in the
intestinal tract (Taur and Pamer, 2016). Using cul-
ture methods, Eubacterium spp., Bacteroides vulg-
atus, Streptococcus hansenii, Ruminococcus spp.,
Faecalibacterium prausnitzii, and Bifidobacterium
spp have been observed in the microbiota of human
feces . The species Eubacterium aerofaciens and
Lactobacillus S06 have been observed to be exten-
sively higher in human beings with low CRC risk.
Also, it was observed that Bifidobacterium might
also additionally enhance chemotherapeutic effica-
cy (Zou et al., 2018).

The reduction of bacterial total number after
cnacer chemotherapy was estimated to be higher
than any change in the number of copies observed in
the controls (Zwielehner et al., 2011). Interestingly,
many studies have shown that Lactobacillus or Bi-
fidobacterium consumption may reduce the produc-
tion of toxic metabolites by reducing the concentra-
tions of fecal deoxycholic acid and dehydroxylation
of primary bile acids (Kahouli ef al., 2013).

Conclusion

In this study, it was observed that the numbers
of Lactobacillus were generally higher in cancer
patients compared to control samples, while Bifido-
bacterium in cancer samples declined significantly
compared to the control samples. Furthermore, the
results indicated that Lactobacillus and Bifidobac-
terium decreased at the onset of chemotherapy and
even after the completion of chemotherapy doses.

Acknowledgments

The authors express their sincere gratitude
to Dr. Aymen A. Delan of the tumor department at
Ramadi general hospital for his assistance in sample
collection. We also sincerely appreciate the College



of Science at the University of Anbar for the labo-
ratory accessories used in completing the work and
also for granting approval through the Ethical Ap-
proval Committee at the University headquarters

References

Bevilacqua, A., F. Casanova, E. Arace, S. Augello, Carfagna
R., A. Cedola, S. Carri, S. Stefano, G. Maggio, V. Mar-
inelli, A. Mazzeo, A. Racioppo, M. Corbo, M. Sinigaglia
(2012). Bifidobacteria as potential functional starter cul-
tures: a case study by MSc students in Food Science and
Technology (University of Foggia, Southern Italy). Food
Nut. Sci. 3: 55-63.

Dibaise, J. K., D. N. Frank, R. Mathur (2012). Impact of the
gut microbiota on the development of obesity : current
concepts. Am. J. Gastroenterol. Suppl. 1: 22-27.

Hanahan, D., L. M. Coussens (2012). Accessories to the
crime: functions of cells recruited to the tumor microenvi-
ronment. Cancer Cell 21: 309-322.

Ishibashi, N., T. Yaeshima, H. Hayasawa (1997). Bifidobacte-
ria: their significance in human intestinal health. Mal. J.
Nutr. 3: 149-159.

Kahouli, I., C. T. Duchesneau, S. Prakash (2013). Probiotics
in colorectal cancer (CRC) with emphasis on mechanisms
of action and current perspectives. J. Med. Microbiol. 62:
1107-1123.

Lieske, J. C., D. S. Goldfarb, C. De Simone, C. Regnier
(2005). Use of a probiotic to decrease enteric hyperox-
aluria. Kidney Internat. 68: 1244—1249.

Mariotto, A. B., K. R. Yabroff, Y. Shao, E. J. Feuer, M. L.
Brown (2011). Projections of the cost of cancer care in
the United States: 2010- 2020. J. Nat. Cancer Inst. 103:
117-128.

Petrovsky, N. (2010). Immunomodulation with microbial
vaccines to prevent type 1 diabetes mellitus. Nat. Rev. En-
docrinol. 6: 131-138.

Roesch, L. F., G. Casella, O. Simell, J. Krischer, C. Wasser-

144

fall, D. Schatz, M. Atkinson, J. Neu, E. Triplett (2009).
Influence of fecal sample storage on bacterial community
diversity. Open Microbiol. J. 3: 40—46.

Salami, F., M. Abels, H. Hyoty, F. Vaziri-Sani Aronsson,
K. Vehik, A. Delli, W. A. Hagopian, M. Rewers, A. G.
Ziegler, O. Simell, B. Akolkar, J. Krischer, J. She, A.
Lernmark, the TEDDY study group (2012). Detection of
Lactobacilli in monthly mail-in stool sample from 3-18
months old infants at genetic risk for typel diabetes. Int.
J. Probiotics Prebiotics T: 135—144.

Schmidt, E. G., M. H. Claesson, S. S. Jensen, P. Ravn, N.
N. Kristensen (2010). Antigen-presenting cells exposed
to Lactobacillus acidophilus NCFM, Bifidobacterium bif-
idum BI-98, and BI-504 reduce regulatory T cell activity.
Inflamm. Bowel Dis. 16: 390—400.

Siegel, R. L., K. D. Miller, A. Jemal (2016). Cancer statistics.
CA Cancer J. Clin. 66: 7-30.

Slover, C. M., L. Danziger (2008). Lactobacillus : a review.
Clin. Microbiol. Newslett. 30: 23-27.

Montandon, S. A., F. R. Jornayvaz (2017). Effects of antidia-
betic drugs on gut microbiota composition. Genes 8: 250.

Taur, Y., E. G. Pamer (2016). Microbiome mediation of infec-
tions in the cancer setting. Gen. Med. 8: 40.

Wasilewska, E., M. Bielecka (2003). Isolation and identifica-
tion of Bifidobacteria from infant gut. Pol. J. Food Nutr.
Sci. 53: 90-94.

Woting, A., M. Blaut (2016). The intestinal microbiota in met-
abolic disease. Nutrients 8: 202.

Zhang, Y. J., S. Li, R. Y. Gan, T. Zhou, D. P. Xu, H. B. Li
(2015). Impacts of gut bacteria on human health and dis-
eases. Int. J. Mol. Sci. 16: 7493-7519.

Zou, S., L. Fang, M. H. Lee (2018). Dysbiosis of gut micro-
biota in promoting the development of colorectal cancer.
Gastroenterol. Rep. 6: 1-12.

Zwielehner, J., C. Lassl, B. Hippe, A. Pointner, O. J. Switzeny
et al. (2011). Changes in human fecal microbiota due to
chemotherapy analyzed by TagMan PCR, 454 sequencing
and PCR-DGGE fingerprinting. PLoS ONE 6: €28654.



